Abstract Nanotechnologies is a multidisciplinary set of techniques to manipulate matter on nanoscale level, more precisely particles below 100 nm whose characteristic due to small size is essentially different from those found in macro form materials. Regarding to these new properties of the materials there are knowledge gaps about the effects of these particles on human organism and the environment. Although it still being considered emerging technology it is growing increasingly fast as well as the number of products using nanotechnologies in some production level and so the number of researchers involved with the subject. Given this scenario and based on literature related, a comprehensive methodology for health and safety at work for researching laboratories with activities in nanotechnologies was developed, based on ILO structure guidelines for safety and health at work system on which a number of nanospecific recommendations were added to. The work intends to offer food for thought on controlling risks associated to nanotechnologies.
Introduction
Nanotechnologies are characterized by two main aspects: the first refers to the size scale, which should be below 100 nanometers, the second relates to the fact that nanoscale should lend the material new features not found on larger scale materials. These new features present many uncertainties about safety, health and environment. Management systems literature is plentiful. Barry [4] reports that there is no convergence between different authors on how to design, implement and maintain an OHS (Occupational Health and Safety) management system, in other words, by corollary they do not indicate which one would be the best model to be applied on this implementation. The same author however identifies that various models are converging * on the fact that organization should incorporate an OSH policy, carrying out a plan that allows action plans definition, enabling the implementation of this planning and performing a checking and corrective actions on the actions which may have deviations from what was originally planned and finally, do not stop promoting critical analysis of the system operation effectiveness. In terms of management systems related to safety and health or occupational health and safety (OHS) two documents stand out: the management system OHSAS 18.001/2007 (Occupational Health and Safety Assessment Series) [1, 2] and the system OHS/2001 ILO (International Labour Organization) [9] . Both documents include the elements highlighted by Barry [4] . A quick analysis of these systems (OHSAS 18001 and ILO) shows that they do not differ in their essence [1] although they have some differences, among which three of them stand out.
1) The focus: the system advocated by ILO focuses on workers (labors) while the OHSAS system focuses on the organization (capital). This is probably the biggest difference between both systems since the other two derive from them.
2) "Responsibility and Accountability" contained in ILO guidelines are not covered in OHSAS system.
3) "Competence and training" as ILO guidelines recommend that "it is appropriate to provide training at no cost to all participants and that it should be made if possible during working hours". OHSAS system has no explicit requirements in this regard.
Considering this scenario, timid actions are still undertaken in order to understand the enormity of nanotechnologies impact on working world. Given the existing tools, this work aims to develop a methodology to structure and evaluate safety and health at work actions in research laboratories with nanotechnologies activities based on ILO OHS/2001 [9] key elements taking into account that its focus is primarily the workers.
Methodology
For this proposal, some management systems main features as [4] , ILO (2001) [9] and OHSAS 18001 [1.2] , nanospecific management systems like "The NanoRisk Framework" [5] and Controlbanding Nanotool [10] regulations OHS nanoespecifics (when available) were analyzed as well as existing standards for laboratories with activities in nanotechnology such as Massachusetts Institute of Technology [11] Texas A& M Engineering [14] and U.S. Stanford Linear Accelerator Center [16] .
Also it was developed through compilation of the above documents in order to be more inclusive and attend each and every one of them. The proposed algorithm incorporates a risk rating in three levels so that more stringent control measures could be adopted depending on the potential risk to be controlled. Adapted from Fronza, Guterres, Pohlmann and Teixeira [7] .
In order to be validated the proposal was submitted to three expert groups: (1) OSH specialists, (2) nanotechnology experts (3) OHS nanotechnologies knowledge specialists.
Results
The application procedures for workers safety and health and the environment preservation is the risk perception even though it is not restricted only to it (National Institute for Occupational Safety and Health [17] .
The uncertainty about nanoparticles effects on human body seems to help put the concern about potential risks of these particles in the background [15] . You may notice remarks on that a particular element or procedure is safe even if they are new and have not been tested in this regard yet. In addition, standards and statutes may be viewed as obstacles to scientific development and not as a protection way. The methodology developed offers thoughts on the use of nanotechnologies so that it can mitigate safety and health risks of those who work with them in research laboratories. This methodology is based on ILO document [9] which incorporates the precautionary principle. Its main elements can be identified in Figure  1 . Also the same figure indicates the continuity character of actions or continuous cycle in order to work systemically meaning each of the actions depending on and influencing the others. The methodology in question incorporates a classification algorithm ( Figure 2 ) of activities based on the intrinsic hazard of nanoparticles and the frequency that they are handled allowing a qualitative assessment of risk level involved in dealing with these nanoparticles. The algorithm in Figure 2 allows the classification of activities involving nanoparticles into three distinct groups regarding the risk, being the group I considered less dangerous than the group III. Other activities are classified in the methodology description itself, and existing more than one possible classification for the same activity or nanomaterial the highest risk measures is recommended. Although the general principle and major of the methodology should be applied regardless the specific group there are some more or less stringent actions related to the possibility of contamination linked to the risk group.
Definition
Nanoparticle or nanomaterial: any particle that has 2 or 3 of its dimensions below 100 nanometers. Groups rating: the methodology proposal indicates that activities involving nanomaterials should be classified in groups through flowchart shown in Figure 2 .
Application Field
Research laboratories manipulating nanoparticles.
Precautionary principle
In all activities involving nanomaterials the precautionary principle should be adopted where these nanomaterials should be considered potentially dangerous and be treated as such until there is real evidence that they are harmless. 5. Improvements 5.1 Preventive and corrective actions 5.1.1 Follow-up studies in progress and adjusting the system where it is necessary. 5.2 Continuous improvement 5.2.1 Each system item must be periodically reviewed to ensure that it remains adequate for the purpose.
Methodology description

Discussion and conclusion
For nanotechnologies the precautionary principle seems to be the most appropriate approach [8] . However, a pragmatic system of risk control that incorporates this principle is needed. A tool for risk management will likely lack of other inputs such as personnel and knowledge management systems [12] .
The risks associated to nanoparticles depend on several physical characteristics (size, shape, surface morphology, surface area, surface load, rheology, porosity, crystallinity, etc.) and chemical (composition, surface chemistry, stoichiometry, kinetics of dissolution and solubility, hydrophilicity and hydrophobicity besides the presence of impurities) [7] ). All the above analysis bring out particles data, but provide no information about their interaction with human organism nor what they are and how the processes of dermal absorption, inhalation, ingestion or eye contact work.
The discussion above concludes the importance to believe on the risk and act on the uncertainty as precautionary principle advocates. Although literature reports evidence of risks in handling nanomaterials [6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17] only about 10% of researchers who work with nanomaterials wear nanoenabled hoods for example. Moreover, one in four researchers do not adopt any kind of collective protection for the laboratory [4] . In this context, Balas and colleagues [4] suggest that scientific magazines should start demanding detailed description of care and safety actions related to handling nanomaterials in order to force the adoption of these measures by researchers/authors.
Despite the likely non-acceptance of this suggestion, seems obvious to say that the concern in dealing with nanomaterials is legitimate and worrisome, given that researchers are the first to have contact with potentially hazardous new substances.
Gaps in knowledge about the effects of nanomaterials on humans and environment open up important opportunities in areas as diverse as the techniques of engineering and occupational hygiene, reaching ethical and legal issues regarding access to information, for example.
